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WG Mandate and Composition

Development of Guidelines and a minimum set of Key Indicators for the
sustainability assessment of future accelerators

Panel consisting of 14 members with technical expertise in evaluation of
accelerator sustainability and future collider project representatives

Ensuring broad community
representation:

« Sustainability Lab. Panels
established at CERN, DESY, ESS,
NIKHEF, STFC

» |CFA Sustainability Panel

 EU- Horizon Programs

» Future accelerator projects: FCC, ILC,
CePC, CLIC/Muon, LHeC, C3

* Invited experts on specific topics

Walib Kaabi iISAS, PERLE

Roberto Losito CERN sust. panel

Ben Shepherd STFC sust. Task Force
Andrea Klumpp DESY sust. panel

Hannah Wakeling ISIS-1l Neutron & Muon
Source
Patrick Koppenburg NIKHEF sust. panel

Johannes Gutleber FCC

Yuhui Li CePC

Benno List ILC

Emilio Nanni ICFA and CCC
Vladimir Shiltsev LHeC, FCC-eh

Steinar Stapnes CLIC, Muon collider
Caterina Bloise Co-Chair

Maxim Titov Co-Chair, EU-EAJADE

in the Editorial Board also

Enrico Cennini CERN Procurement Service
Beatrice Mandelli CERN DT group
Thomas Schoerner  ILC sustainability studies WG



1st LDG WG Meeting on the Sustainability Assessment of Accelerators

] ] |
m Tuesday 19 Mar 2024, 15:00 = 17:00 Europe/Zurich
A Caterina Bloise (Laboratori Nazionali di Frascati (LNF)), Maksym Titov

Description  htiy

2nd LDG WG Meeting on the Sustainability Assessment of Accelerators
¥ Monday 8 Apr 2024, 15:00 — 17:00 Europe/Zurich

.
B ro ad ran g e Of to p I CS S h a red \ Description https:/cern.zoom.us/s/66928561166?pwd=0WRyNVpOVDFLQOkwZVBCYTFMa0ONkZz09#success

-+ 15115 News, Minutes roval (1st Meeting), Calendar for the next WG Meetings
[ 15:30 R sel-inf S ik - : ‘

* Reports from CERN and STFC sustainability panels, ESS, o i
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Speaker: Roberto Losito
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() Evaluatlons Carrled Ou‘t for fu‘ture nggs fac‘torles, FCC, Bl - 1555 Sustainable Accelerator R&D in the UK: Key Inputs to the LDG WG Activities A

Speakers: Ben Shepherd, Mr Ben Shepherd

ILC, C3 and CePC S

3rd LDG WG Meeting on the Sustainability Assessment of Accelerators

® On key LCA |Ssues @ Monday 29 Apr 2024,15:00 — 17:15 Europe/Zurich

Description https.//cern.zoom.us/j/61888272480?pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZ209

* Invited contributions on Decarbonisation for Large Rl, T

H.Pantelidou (ARUP), on LCA of engineering civil works B maisiavanr, | @ waioovenr, | osmmansms. | i
for the FCC, D_ Mauree (WSP), Eu_Horlzon PrOJeCt RFQ_O, [EEELN - 1530 Sustainability Studies for ILC/CLIC: Key Inputs to the LDG WG Report

Speaker: Dr Benno List

G. DeCarne (KIT), Reduction of GHGs in particle R G
deteCtorS, B_ Mande”l (CERN) [ 15:40 ERTA ::::::r:aj:}l:‘zws;:dcl:::::(Fcc:Keylnpumomemcwcnopom

@ FCC-2404041500-J ¢| FCC-2404041500-J

H H m - 16:30 Sustainability Studies for C3: Key Inputs to the LDG WG Report4
WG Repon IS bel ng elabo rated Speakers: Emilio Nanni A , Emilio Nanni

A Lp6_c3_sustainabi.

6th LDG WG Meeting on the Sustainability Assessment of Accelerators Sustelnability Studies for CEPC: Ky inputs 1o the LOG WG Reports

ker: yuhui li

5th LDG WG Meeting on the Sustainability Assessment « 44, | pG WG Meeting on the Sustainability Assessment of Accelerators

Monday 3 Jun 2024, 15:00 — 17:00 Europe/Zurich I3 Monday 13 May 2024, 15:00 — 17:00 Europe/Zurich

Monday 24 Jun 2024, 15:00 = 17:00 Europe/Zurich

Description https:/cern.zoom.us/j/61888272480/pwd=S2ZpRWIaS2xoTFBsQm:

m - 1515 News and Minutes Approval Description https://cern.zoom.us/j/61888272480?pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZz09 Description https://cern.zoom.us/j/618882724807pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZ209
Speakers: Caterina Bloise (NFN e Laborator N . Dr Maksy"—
[W) LDGSAW_MS_Minu m - 15:10 News and Minutes Approval m - 1505 News and Minutes Approval
Speakers: Caterina Bloise A ) N), Dr Maksym Titov (IR EA y ' Speakers: Caterina Bloise N , Dr Maksym Titov
m -+ 15:35 Energy Efficiency of Future Colliders: Snowmass Implementation 1 LDG_SAW_5_DocT... & LDG_SAW._5.DocT.. [W) LDGSAW_M3_Minu.. [W) LDGSAW_M4_Mi [ 2024_05_ath-sust ¢ 2024_05_4th-SUST

Discussions

Speaker: Vladimir Shiltsev

m ~15:30 RF2.0 Horizon Europe project - 15:30 ARUP experience on decarbonisation and large research infrastructure

EEEE - 1555 strategies to reduce the use of GHGs in particle detectors Speaker: Giovanni De Carne (xa Spesioc: Heleni Pantelidots

Speaker: Beatrice Mandelli

[A GiovanniDeCame... X GiovanniDeCarne_L. -+ 16:00 Key LCA Issues

m 1610 AS bout HEP tainability worksh Speaker: Dr Hannah Wakeling
- 16: ummary abou sustainability workshop

— 16:10 Initial Discussion about Structure & Next Steps for the LDG WG Report 2
Speaker: Dr Hannah Wakeling m P - [® 2024.05.13.L0G._

Speaker: All

Speaker: All
-+ 16:55 Towards Open LDG Meeting @BNL (June 6-7): Sustainability Discussion

m ~+ 16:40 Report from Sustainability WG at the Open LDG Meeting @BNL (June 6-7): Discussion
Speakers: Caterina Bloise N NF)), Maxim TITOV

Speakers: Caterina Bloise (Laboratori N ) i), Maxim TITOV

~+17:00 AoB

m - 16:45 Discussion & Next Steps for the LDG WG Report & DocTopics LC_Sustainability_L .. m - 16:15 General LCA Discussion

1.2024_06_BNL-U..
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7th LDG WG Meeting on the Sustainability Assessment of Accelerators

Monday 15 Jul 2024, 15:00 — 17:00 Europe/Zurich

Work Progress Status

Description https://cern.zoom.us/j/61888272480?pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZz09
_-,.,.-.-

m — 15:15 News and Minutes Approval

Speakers: Caterina Bloise (INFN e Laboratori Naz rascati (IT)), Dr Maksym Titov (IR

W) LDGSAW_M6_Minu..

m — 16:45 Next Steps for the WG report: Discussion on Content and Chapter Editors ®

Speakers: Caterina Bloise (Laboratori Nazionali di Frascati (LNF)), Dr Maksym Titov (IR

¢] 15072024 _Discuss...

* Editorial work assigned, Report
elaboration advanced, most Of the 8th LDG WG Meeting on the Sustainability Assessment of Accelerators

topics drafted

Monday 26 Aug 2024, 15:00 — 17:00 Europe/Zurich

Description https://cern.zoom.us/j/61888272480?pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZ2z09

¢ C O nte nt : m —+15:15 News and Minutes Approval

Speakers: Caterina Bloise (INFN e Laboratori Nazionali di Frascat , Dr Maksym Titov (R

- 15:45 FCC LCA study: sensitivity of the use of databases and EPDs to the final result.

* Presentation of relevant topics s R S
| 15:45

- 16:45 Current Status of the WG report: Discussion on Content

o Comments and questions -to be Speakers: Caterina Bloise (Laboratori Nazionali di Frascati (LNF)), Dr Maksym Titov (i

26082024_EDITOR... ] 26082024_EDITOR..

addressed i i

* Some proposals for
recommendations to be discussed

9th LDG WG Meeting on the Sustainability Assessment of Accelerators

Monday 16 Sept 2024,15:00 — 17:00 Europe/Zurich

() FO C u S i S O n S u Stai n a b i I ity Description https://cern.zoom.us/j/61888272480?pwd=S2ZpRWIaS2xoTFBsQmxaZDR5T25xZz09

m - 1515 News and Minutes Approval

assessment of projects for future eyt
COI I iders @ LDGSAW_M7_Minu... @ LDGSAW_MS8_Minu...

m — 15:45 Introduction to Current Status of the WG report:

Speakers: Caterina Bloise (Laboratori Naziona cati (LNF)), Dr Maksym Titov (IRFU, CEA

¢| 160924_1.pptx

m — 16:45 Discussion on Content
Speaker: All

K5l - 1655 AoB



Report : Social-Economic Benefit Analysis

Social - Economical Benefits of HEP Research Infrastructures in Relation to the UN
Sustainability Development Goals (environment, economy, society)
« SDG Reference Matrix from UN (2024)

« Accelerator and Detector R&D (strategic ECFA R&D Roadmap)

« Economic growth (regional, international, developing countries)

* Education, Innovation, International Cooperation, Cultural Exchange

« Comprehensive sustainability assessment based or
Cost-Benefit Analysis:
« Guidelines on cost estimation of RI from ESFRI
(2019)
. . « EU Policies
ot investment projects [N e » Global Reporting Initiative
— » European Sustainability Reporting Standards
« European Union Eco-Management and Audit
Scheme (EMAS)
« EC Economic Appraisal Vademecum 2021-
T 2027
« National Guidelines ( France, Germany,
Switzerland, ...)
« Carbon Footprint Accounting and Reporting
« Shadow Carbon Cost

- ‘J* = R?ference for the integrated model FCC




Report : Life-Cycle Assessment

Life-Cycle Assessment for Future Accelerators — Methodology and Reporting:
 Goal and Scopes
; MethOdOIOgy Goal and Scope
* |mpact Categories Definiton
 Midpoint and Endpoint Categories
* |mpact of Emission on Climate Change, GWP100
« Beyond GWP : ReCiPe2016, ILCD2011, CML-IA2012

. . Inventory .
Life Cycle Inv_entory AN, Interpretation
 (Construction Phase LCI: Input from
» Operation Phase } EEmESTeRED
« Decommissioning Phase

« Assessment Impact

! Assessment
* Interpretation External
« Evaluation of Uncertainties consultants
. ] LCA Framework according to ISO 10040
° E n VI ro n m e n ta I P rO d u Ct D e CI a ratl O n Public Domain, htips://commons.wikimedia.org/w/index_php?curid=40862556

B. List
H. Wakeling



Life-Cycle Assessment (LCA) : Goal and Scope

Product, System, Process to be evaluated within declared boundaries

Goal and Scope depend on the phase of the accelerator project and to the target : Researchers,
Management, Authorities, Public

— functional units: accelerator, supporting infrastructures, cryogenic systems, detector, computing

— Boundaries: Cradle-to-gate, Cradle-to-grave
— Methodology: Impact Categories Analyzed

Assessment Information
Life Cycle Information Life Cycle Information

B Pre-construction Cradle-to-gate
5 (A0) (A1 - A3)

AO A1l A2 A3 B3 B4 B5 C1 C2 C3

Planning costs
including land
Transportation
Transportation
Machining and
Installation Process

Manufacturing Process

c
:
g
s
E
=
g
(1]
=
3
o

H. Wakeling BS EN 17472:2022




LCA categories

Midpoint impact category

Damage Endpoint area
pathways of protection

Particulate matter Bt . . .
i it resplratory Con\_/erspn factors gsed In the evaluation
lonizing radiation ovem— of Midpoint categories are usually
Stratos. ozone depletion ':,",‘::f;"t;';“ - l:::;n considered reliable
Human toxicity (cancer) ‘ cancer
flimen.toxlchiineneaneally ) ncrease In other Endpoint evaluations are obtained by

‘5 diseases/causes

Global warming weighting results obtained on Midpoint

' Increase in

matsruse |l malnutrition ones
Freshwater ecotoxicity ,
Freshwater eutrophication : :::“h::: . .

Kiries | A number of categories classes exist
Trop. ozone (eco) l} e ' Damageto

Damage to ecosystems

Terrestrial ecotoxicity trial . .
o r— by European P.roductlon Deolargtlons from
Land useftransformation T the International Reference Life Cycle
F——— 7 marine species Data system (ILCD) follow EN 15804
Mineral resources -\% h:;cu-':a:ied A - Dama?::o
Fossil resources - o availability

ReCiPe2016

10



Report : GHG Emissions

 Green House Gas Emissions footprint for future accelerator facilities:

Developing a tool and guidance for quantification could be a good recommendation for
the strategy: e.g. evaluate and optimise CO2 impact in a staged approach at early concept
phase, CDR and TDR levels over the full lifecycle

® Civil engineering works  LCA studies for accelerator infrastructure (e.g. tunnels,

caverns) and Civil engineering (LCA A1-AS5)
- Excavated Material

® Accelerator construction: early assessment of areas with the largest emission, beam

line shielding, steel girders and supporting structures, magnets, RF cavities, power
supplies, material manufacturing

Accelerator operation: power for: air conditioning and water cooling, cryogenic plants,
RF and klystrons, Magnets

® Operation of Particle detectors and computing:
= Impact of gases for particle detectors

® Decommissioning:
- Radioactive waste
- Recycling
- Reuse



Green House Gases Emissions

According to the 2015 Paris Agreement carbon emissions have to be halved by 2030.

LCA Boundaries for reporting on GHG emissions are often categorised into Scope 1, 2, 3

Scope 1
DIRECT

Scope 2
INDIRECT

Scope 3
TI INDIRECT
purchased
goods and y 4 T
services B oo ooe
F d purchased electricity e sey
Motlnqlcoolng'otm
aplul
fuolond
" o
andmn waste
generated in
operations sold products
Upstream activities Reporting company Downstream activities

https://ecochain.com/blog/scope-1-emissions-explained/
12



Decarbonisation and Large HEP RI

CERN publishes
environmental reports

. RUN 2 [ LS2 , RUN 3
following standards of 200000 I ;
. _— . I |
Global Reporting Initiative 180000 ; ; 80000 nomE - kit
- § i - | |
CERN has developed a | [ | |
_ @, 120000 [ : — ] :
strategy for energy sourcing § oo | | o, | |
and monitoring obtaining the { i g | |
1ISO50001 certification for o | I 30000 l i
60000 | | > : :
energy management - { { 20000 ; :
B : : - 1 :
Scope 1 Direct Emissions: 20000 | | 0o | | | | | |
@LHC are domlnated by o | | ; | | ; ] 2017 2018 201@ 2020 2021 2022
it db 2077 2018 2018 2020 2021 2022 @ Electricity consumption (at CERN)
gaS mIX ures use y ® LHC experiments - Particle detection Electricity consumption (Budapsest, Hungary)
) LHC experiments - Detector cooli
particle deteqtors and o Oﬁierexexperimerna " CERN SCOPE 2 EMISSIONS FOR 2017-2022
detector cooling ® Heating (gaz + fusi) Emission calculations for electricity follow a location-based
Other === Target: max 138 300 tCO_e methodology, with average yearly emission factors taken from
CERN SCOPE 1 EMISSIONS FOR 2017-2022 BY CATEGORY QDEME b Enmpw: me 201137;0 2019L|CERN fOrwh'ct?
. . - ata centre at the Wigner Centre in Budapest, Hungary, I
Scope 2 Emissions (EN€rgy  -oiner- includes air conditioning, slectrical insulation, emergency the emissions are also shown. The location-based emission factors
Consumption): Iocation— generators and the fuel consumption of the CERN vehicle fleet. used for Hungary were taken from Bilan Carbone® V8.4.
based methodology provides Reference: CERN Environment Report 2021-22

emission factors depending
Oon energy sources in use

13



Report : Mitigation and Compensation Strategies

Mitigation and Compensation Strategies, Decarbonisation and Impact Reduction

® Optimization of large civil & accelerator construction footprint & better/greener
materials (inventory of concrete, steel, Cu, niobium)

® Responsible procurement

® Energy/power optimization (improving energy efficiency of key technologies) and

recuperation (heat management, ERL, ...)

® Heat Recovery and supply

® Investment in R&D on green technologies

® Nature-based interventions for carbon removal (e.g. environmental studies,
integration in local environment )

Annexes:
Snowmass process and P5 Report
Plans to reduce accelerator energy consumption in China
Obligations, Legislation



Summary and Outlook

« The WG mandate is to develop a motivated list of key parameters for the sustainability
assessment of future accelerators
- Inputs from different sustainability initiatives and panels

« Sustainability assessment for future large-scale accelerator infrastructures is quite
complex

- assessment criteria needs to be properly tuned to the maturity of the project
- differently developed for Researchers, Management and Society

« Editorial group has advanced in writing the Report aiming to elaborate a proposal for the
LDG on time to be submitted as an input to the ESPPU in March 2025



Europe-Horizon Sustainability - Supporting Programs

v' Innovation Fostering in Accelerator Science and
Technology (I.FAST): https://ifast-project.eu

https://indico.cern.ch/event/1326603/timetable/#20240215.detailed

WP11 Overview

v Europe-America-Japan Accelerator Development , , ,
) task 1: Sustainable Concepts for Rls: networking, workshops on selected topics
Exchange Programme (EAJADE). deliverable: report
https://www.eajade. eu/ 1) System Efficiency of Accelerator Concepts (N.Catalan Lasheras, CERN)

2) Key Technologies and Components for High Efficiency (A.Sunesson [C.Martins], ESS)
3) Cross Linking Accelerator R&D with Industrial Approaches (P.Spiller, GSI)

v/ Innovate for Sustainable Accelerating Systems (iISAS): 4) Ecological Concepts (D. Voelker, DESY)
https.://indico.ijclab.in2p3.fr/event/9521/

task 2: High Efficiency Klystron (O.Brunner CERN, THALES, ULANC)
* deliverable: industrial prototype
* replacing klystrons in LHC

IFAST

iSAS Objectives — Technology Areas

task 3: Permanent Combined Function Magnets for Light Sources (B.Shepherd, UKRI, DLS,
KYMA, DESY)
* deliverable: magnet prototype, applicable for Diamond upgrade

* TA#1: energy-savings from RF power - While great strides are being made in the energy efficiency of

various RF power generators, the objective of iSAS is to ensure additional impactful energy savings through coherent
integration of the RF power source with smart digital control systems and with novel tuners that compensate rapidly

cavity detuning from mechanical vibrations, resulting in a further reduction of power demands by up to a factor of 3.

TA#2: energy-savings from cryogenics - While major progress is being made in reusing the heat produced
in cryogenics systems, the objective of iSAS is to develop superconducting cavities that operate with high
performance at 4.2 K (i.e., up to 4.5 K depending on the cryogenic overpressure) instead of 2 K, thereby reducing the

» several advantages of permanent magnets, not just power consumption

EAJADE Workshop on Sustainability on Future Accelerators (WSFA2023)

MORIOKA, JAPAN, SEPTEMBER 25-27, 2023
Aiina Center, the same venue as LCWS2016, hosted by Iwate University

Forecastand data It
WSFA2023  2023.9.25(mon) - 27(wed) B

Green ILC - ILC Energy

Aiina room501 Iﬂorioheiyllu*ﬂ?l. : 1st day Group Photo

grid-power to operate the cryogenic system by a factor of 3 and requiring less capital investment to build the

cryogenic plant.

Center (Anhiﬁgmew)
Online Participants P ol powen

50 participants;
half by Zoom

TA#3: energy-savings from the beam - Significant progress has been achieved in maintaining the =
brightness of recirculating beams to provide high-intensity collisions to experiments, but most of the particles lose
their power through radiation or in the beam dump system. The objective of iSAS is to develop dedicated power
couplers for damping the so-called Higher-Order Modes (HOMs) excited by the passage of high-current beams in the

superconducting cavities, enabling efficient recovery of the energy of recirculating beams back into the cavities

(YT
ML )

Bl o "',Pﬁqtt;fd\bk‘:", 1] it
! : N ET

https://wsfa2023.huhep.org/ ; https://indico.desy.de/event/39980/

https://indico.cern.ch/event/1326603/timetable/#20240215.detailed Four blocks (not limited to future Higgs Factores and to Linear Colliders):

- - PP » I Large-Scale Research Facilities & Sustainability / Life Cycle Assessment(LCA)
ESS also participates in iIFAST (addition of solar panels . s, ctinable accelerator Technologies

to power modulators) and FlexRICAN (Studylng  lll. Europe-Horizon and National Sustainability-Supporting Programmes

INT . * IV. Green ILC and Local Industries
flexibiility in power supply) https://wsfa2023.huhep.org/



Approaches to Increase Sustainability

* Overall system design

— Energy recovery concepts

— Civil engineering including landscaping and “community”
Integration

e Subsystem and component design

— Heat-recovery. e.g. in tunnel linings, possibly other components
— Responsible sourcing and material choices for all parts

e Sustainable operation concepts

— Renewables

— Adapt to power availability

— Exploit energy buffering potential
— Recover energy



Open Questions: Regional versus Globally Averaged Impacts

« Carbon intensity of electricity production varies
enormously across regions &countries Carbon intensity of electricity generation, 2023

Carbon intensity is measured in grams of carbon dioxide-equivalents emitted per kilowatt-hour of electricity generated.

- reference values for assumed CO2
intensity of electricity for relevant reqions/labs

B Table @ Map |~ Chart

« Carbon intensity of materials also varies
— Different local standards
— Different geology, primary minerals, concentrations
— Different carbon intensity for local energy, esp.

electricity (-> copper, niobium) L
° Civil construction: steel and cement mostly https://ourworldindata.org/grapher/carbon-intensity-electricity
from e - adhere to local codes Figure 6.14 = Average CO; intensity of electricity generation for selected

regions by scenario, 2020-2050

« Result of LCA depends heavily on
— Source of used materials
United States

— Construction and operation site S
— LCA Method: use local values or global averages o

Advanced economies Emerging market and developing

e Japan
e Africa
. “ NQN Middle East
) _ B. List LS ——China
Should one evaluate impacts using site-speciric \ K — A
O P = SOUtheast Asia
or globally averaged impact values: i —_—
- or use general LCA database and move to I P oos. e APS
more local information as the project matures 2020 2050 2010 200 2020 2050 2040 2%
: IEA (2022), World Energy Outlook 2022, IEA,
(f or materials COZ Content) 2 Paris https://www.iea.org/reports/world-energy-outlook-2022,

License: CC BY 4.0 (report); CC BY NC SA 4.0 (Annex A)



. B. List,
Life-Cycle Assessment: Targets and Issues H. Wakeling

optimize facility (internal); recommend improvements (Lab/FA); communicate to public (society)

LCA standards for the assessment of future accelerator infrastructures are not set:

- Common approach how to report and evaluate the data for accelerator RI’s (which impact
categories, treatment of CO2 intensities, attribution of impacts to long term projects);

- Common table for sustainability parameters, esp. GWP;

- |ISO standards may be too rigid for accelerators to perform full LCA -  “simplified LCA”;

- Many LCA software available - different packages can give different results (data handling)

- LCA database is the most impactful element (global vs. local, age of database, accelerators use
non-standard materials, often not available);

- Are there relevant differences in Standards / Methods (e.g. Midpoint ReCiPe 2016 (ILC) vs
Endpoint EN 17472 (FCC)) that need to be addressed?

E. Nanni, M. Breidenbach et al., PRX Energy 2, 047001 PRX ENERGY 2, 047001 (2023)

Ultimate Goal:

Collect and provide data in
tabular form, provided and
endorsed by the projects, for
a figure as shown below

Carbon Footprint of Operation Carbon Footprint of Construction

—_—
Y
—
o
o

B Linear : I Linear
Il Circular Y1 WM Circular

(= s
9

+Z/WW
C3 baseline

o
)

=t
W

o o €
) w

Global Warming Potential (Mton CO.e)
o o
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physics reach, energy needs, and

carbon footprint for both FIG. 5. Global warming potential from (a) operation and (b) construction of all collider concepts. The hashed pink component
represents the additional costs of operating C* without power optimization, while light blue regions account for additional run modes
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The Future: Fluctuating Energy Sources,
Power Purchase Agreements, Running on Renewables

Switch to carbon-neutral energy sources &enabling framework for renewables:
- power purchase agreement (PPA) - long-term contract for the electricity supply (~ 20 years)

“ European |
Commission

Energy, Climate change, Environment

Possible Future Energy Strategy A. Suness?“

* Buy directly from producer (PPA)

* Add own production (solar PV, Electricity consumpti
bio-fueled turbine)

* Energy Storage

R. Losito

Home RGNS Data and analysis v | Studies v | Publications | Consultations | Energy explained v | Events | News

Open position -
covered hourly

Portfolio of
standarized
~ listed
financial
price hedge

Home > Topics > Renewable energy > Enabling framework for renewables

B Power
Enabling framework for renewables
purchase

agreement

The EU aims to accelerate renewable energy projects, remove administrative obstacles in the
permitting processes and further empower citizens.

PPA - additional power _ PPA price hedge

PAGE CONTENTS production

Simplifying permitting
processes

Power purchase agreements

Study and public consultation

©(from left to right)AdobeStock/Gorodenkoff - iStock/kruwt

Workshops

Linear :
Colliders 2

full collider operation a-f*times 6f high grid production
reduced operation or standby modes with fast L recovery otherwise

Fraunhofer

Full Operation (OP)

Study by Fraunhofer institute (2018) considered running

i M Transition states

CLIC (380 GeV) for a total power of 200 MW (in reality
only 110 MW needed) on renewables and participating in
demand side flexibility:

« CLIC’s total energy consumption could be generated
from renewables (using local solar plant of 330 MWp a
local wind farm of 220 MWp), but still needs public grid
for continuity

« Operating modes with power modulation were
investigated

------
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ENERGY LOAD AND COST ANALYSIS
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Version 1.0 | 29.11.2018

Dr. Richard Ochsner (IS
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S&ls - LPR

scheduled Standby and
Intervention (S&Is)

12 21
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a1

OFF -> S&ls S&Is -> OFF
1

a2

- Transition equations

Elements:

Number:

Main states: 10, 20 etc.
Transition states: XY
(fromXtoY)

e.g. 12: from 10 to 20

unscheduled Standby and
Intervention (S&lu}

31

S&Iu - OFF

|
812

e https://ledms.cern.ch/document/2065162/1



Decarbonisation: Prioritising Nature-Based Interventions

Construction of accelerator large-scale RI’s has to face decarbonisation path,
with the associated increase of the shadow Carbon cost over the years

 |dentifying relevant initiatives to complement

decarbonisation efforts:

- prioritising nature-based interventions
within and around RI’s, integration in
local environment as part of the asset
management (e.g. CERN generally,
Green ILC concept)

- potential to contribute towards carbon
removal through environmental enhancement

https://www.eib.org/attachments/thematic/eib_group_climate_bank_roadmap_en.pdf

ILC center futuristic view

Forecast and data management
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Hydro storage
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i ﬁ” % ﬁ, :l I” Y i }l I J"‘: ‘ Sl " MY | " b, Figure 7: A single 25 MWh energy storage unit (white containers) built from used electric car batteries,
A i i NL”‘ i n deployed for a PV energy plant in Lancaster, CA (south of Los Angeles, US) put in operate by B2U Storage
‘ﬁ'« mf “g | S N o Solutions in early 2023. Capacities of new systems are increasing fast. A 260 MWh> is by now being

% i i . 3 b
g P : 5= commissioned and today's largest systems in the range of 1 400 MWh are being extended to 3 000 MWh™.

“Green ILC Concept” — paper in preparation, to -
be completed by end of 2024 @] J. Gutleber, FCC Renewable Energy Supply Feasibility Study,
o e S e ot e https://zenodo.org/records/10023947



